12 United States Patent
Akahane

US010644582B2

US 10,644,582 B2
*May 3, 2020

(10) Patent No.:
45) Date of Patent:

(54) POWER MODULE WITH HIGH-SIDE AND
LOW-SIDE PROGRAMMABLE CIRCUIT

(71) Applicant: FUJI ELECTRIC CO., LTD.,
Kawasaki-shi, Kanagawa (JP)
(72) Inventor: Masashi Akahane, Matsumoto (JP)
(73) Assignee: FUJI ELECTRIC CO., LTD.,
Kawasaki-Shi, Kanagawa (JP)
(*) Notice: Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35
U.S.C. 154(b) by 0 days.
This patent 1s subject to a terminal dis-
claimer.
(21) Appl. No.: 16/382,432
(22) Filed: Apr. 12, 2019
(65) Prior Publication Data
US 2019/0238045 Al Aug. 1, 2019
Related U.S. Application Data
(63) Continuation of application No. 16/018,802, filed on
Jun. 26, 2018, now Pat. No. 10,305,365, which 1s a
(Continued)
(30) Foreign Application Priority Data
Jul. 13, 2016 (JP) e, 2016-138109
(51) Int. CL
HO2M 1/08 (2006.01)
HO2M 7/538 (2007.01)
(Continued)

(52) U.S. CL
CPC oo HO2M 1/08 (2013.01); HO2M 1/32
(2013.01); HO2M 7/538 (2013.01); HO2M

775387 (2013.01);, HO2M 2001/0009 (2013.01)

(38) Field of Classification Search
CPC HO2M 1/08; HO2M 1/32; HO2M
3/155-1588; HOZM 2001/0009

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
6,107,845 A 8/2000 Lee
6,147,547 A 11/2000 Ogura et al.
(Continued)
FOREIGN PATENT DOCUMENTS
CA 2769814 Al 8/2013
CN 103049066 A 4/2013
(Continued)

Primary Examiner — Yusel A Ahmed
(74) Attorney, Agent, or Firm — Rabin & Berdo, P.C.

(57) ABSTRACT

A power module including first and second switching ele-
ments connected 1n a half-bridge configuration, an inte-
grated circuit including high-side and low-side circuits that
respectively drive the first and second switching elements,
high-side and low-side programmable circuits that are
respectively configured to implement first and second logic
functions or parameters to be used by the high-side and
low-side circuits. The integrated circuit includes a write port
that receives data to be written to the high-side and low-side
programmable circuits, internal wiring that connects the
high-side and low-side programmable circuits 1n a daisy
chain configuration, and a level shifter that 1s provided 1n the
internal wiring connecting the low-side programmable cir-
cuit to the high-side programmable circuit, and that connects
a low-side signal system and a high-side signal system.
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POWER MODULE WITH HIGH-SIDE AND
LOW-SIDE PROGRAMMABLE CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation of U.S. application Ser.
No. 16/018,802, filed on Jun. 26, 2018, and allowed on Jan.

1’7, 2019, which 1s a continuation application of Interna-
tional Application PCT/JP2017/019333 filed on May 24,

2017 which designated the U.S., which claims priority to
Japanese Patent Application No. 2016-138109, filed on Jul.

13, 2016, the entire contents of which are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The embodiments discussed herein relate to a power
module that includes switching elements connected 1n a
half-bridge configuration and a drive circuit for driving these
switching elements and that 1s able to implement a desired
logic function or parameter 1n the drive circuit.

2. Background of the Related Art

Industrial motor drive devices and server power supply
devices use power modules that are operated by performing
on-oil control of switching elements connected 1n a hali-
bridge configuration. In a power module, a high voltage
integrated circuit (heremafter, HVIC) 1s used as a control
integrated circuit for driving switching elements connected
in a half-bridge configuration. The HVIC includes a high-
side circuit for controlling the high-side switching element
of the half-bridge circuit and a low-side circuit for control-
ling the low-side switching element of the half-bridge cir-
cuit. Thereby, 1t 1s possible to drive both a high-side semi-
conductor element and a low-side semiconductor element by
use of one mtegrated circuit (IC).

In such an HVIC, 1t 1s desired to implement desired logic
operations or parameters i a half-bridge circuit and a
low-side circuit. For example, a power module has a tunc-
tion of protecting i1t from a drop i1n power supply voltage,
overcurrent, and overheat. With respect the function, there 1s
a demand for changing a priority order of alarming that 1s
made when a voltage drop, overcurrent, or overheat 1s
detected. In addition, there 1s another demand for appropri-
ately changing a threshold to be used for detecting the
voltage drop, overcurrent, or overheat.

These demands are met by providing a programmable
circuit in the power module and writing data for implement-
ing a logic function or parameter data indicating a threshold
into the programmable circuit. It 1s known that a level shift
circuit 1s provided 1n such a programmable circuit 1n order
to 1solate the programmable circuit from other circuits or to
convert a voltage level, with ground as a reference potential
(for example, refer to Japanese National Publication of
International Patent Application No. 2014-515843 (Para-
graphs [0078] and [0087], and FIG. 2)). In addition, the
circuit taught 1n Japanese National Publication of Interna-
tional Patent Application No. 2014-315843 uses a JTAG
(Joint Test Action Group) interface for writing program data
to a programmable circuit.

By the way, 1n a power module, a high-side programmable
circuit connected to a high-side circuit 1s referenced to a
midpoint potential of a halt-bridge, and a low-side program-
mable circuit connected to a low-side circuit 1s referenced to
ground. In particular, the reference potential for the high-
side circuit and the high-side programmable circuit varies
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2

between zero volt (V) and the power supply voltage (for
example, several hundred volts) by two switching elements
complementarily being switched on and ofl. In contrast, the
circuit taught 1n Japanese National Publication of Interna-
tional Patent Application No. 2014-515843 has one system
although a power system for a write circuit 1s independent of
a power system for a programmable circuit that communi-
cates with the write circuit, and has a reference potential that
does not vary every moment, unlike the reference potential
for the high-side circuit of the power module. Therefore, 1t
1s not possible to use the write circuit configured as taught
in Japanese National Publication of International Patent
Application No. 2014-515843, for the high-side program-
mable circuit and the low-side programmable circuit. That 1s
to say, the power module needs a write circuit for the
high-side programmable circuit and a write circuit for the
low-side programmable circuit separately. In addition, since
the high-side reference potential may rise to a very high
voltage level, the high-side write circuit and the low-side
write circuit need to be provided physically separated from
cach other.

In the above-described power module, write circuits for
writing programs and data need to be provided separately for
the high-side and for the low-side. Since two write circuits
are needed, write ports are needed for the two systems

accordingly. As a result, the power module increases 1n both
size and cost.

SUMMARY OF THE INVENTION

According to an aspect of the present disclosure, there 1s
provided a power module including: a first high-side switch-
ing element and a second low-side switching element that
are connected 1n a halt-bridge configuration; an integrated
circuit 1mcluding a high-side circuit that drives the first
switching element and a low-side circuit that drives the
second switching element; a high-side programmable circuit
that 1s able to implement a desired first logic function or
parameter to be used by the high-side circuit; and a low-side
programmable circuit that 1s able to implement a desired
second logic function or parameter to be used by the
low-side circuit, wherein the integrated circuit includes a
write port that receives data of one system for a program
control signal to be written to the high-side programmable
circuit and the low-side programmable circuit, internal wir-
ing that connects the high-side programmable circuit and the
low-side programmable circuit 1n a daisy chain configura-
tion, and a level shifter that 1s provided on the internal wiring
connected to the high-side programmable circuit and that
connects a low-side signal system and a high-side signal
system.

The object and advantages of the invention will be
realized and attained by means of the elements and combi-
nations particularly pointed out 1n the claims.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a circuit diagram illustrating a configuration of
a power module according to one embodiment;

FIG. 2 1s a circuit diagram 1illustrating an example of a
configuration of a power module according to a first embodi-
ment;
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FIG. 3 illustrates a connection relationship between signal
lines to be used for a JTAG control signal;

FI1G. 4 1s a wavetorm diagram 1llustrating a relationship in
reference potential between a high-side circuit and a low-
side circuit;

FIG. 5 1s a circuit diagram illustrating an example of a
configuration of a power module according to a second
embodiment;

FIG. 6 1s a circuit diagram illustrating an example of a
configuration of a power module according to a third
embodiment;

FIG. 7 1s a circuit diagram illustrating an example of a
configuration of a power module according to a fourth
embodiment; and

FIG. 8 illustrates a modification example of the power
modules of the first to fourth embodiments.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Hereinafter, embodiments will be described 1n detail with
reference to the accompanying drawings. Partial features of
the embodiments may be combined unless they exclude each
other.

FIG. 1 1s a circuit diagram 1llustrating a configuration of
a power module according to one embodiment.

The power module 10 of the embodiment includes switch-
ing elements XMH and XML connected 1n a hali-bridge
configuration, an HVIC 11, a high-side programmable cir-
cuit 12, a low-side programmable circuit 13, and power
supplies VCCH and VCCL.

As the switching elements XMH and XML, MOSFETs
(Metal-Oxide-Semiconductor Field Effect Transistor) are
used here. Alternatively, another kind of power switching,
clements may be used. The drain terminal of the switching
clement XMH 1s connected to the anode terminal of a
high-voltage power supply HV, and the source terminal of
the switching element XML 1s connected to the cathode

terminal of the high-voltage power supply HV and a ground
terminal GND of the HVIC 11.

The HVIC 11 includes a high-side circuit HS and a
low-side circuit LS. The high-side circuit HS dnives the
high-side switching element XMH, and has an output ter-
minal HO connected to the gate terminal of the switching
clement XMH. The high-side circuit HS also has a power
supply terminal VB connected to the anode terminal of the
power supply VCCH and a reference potential terminal VS
connected to the cathode terminal of the power supply
VCCH. The reference potential terminal VS 1s also con-
nected to a connecting point between the switching elements
XMH and XML. The low-side circuit LS drives the lower-
side switching element XML, and has an output terminal LO
connected to the gate terminal of the switching element
XML. The low-side circuit LS also has a power supply
terminal VCC connected to the anode terminal of the power
supply VCCL and the ground terminal GND connected to
the cathode terminal of the power supply VCCL.

The high-side programmable circuit 12 1s connected to the
high-side circuit HS with an input/output bus IOH. A power
supply feeding terminal VSH and the reference potential
terminal VS of the high-side circuit HS are connected to
both power feeding terminals of the high-side programmable
circuit 12 and both terminals of a capacitor C1H. The
low-side programmable circuit 13 1s connected to the low-
side circuit LS with an mput/output bus IOL. A power
supply feeding terminal V5L and the ground terminal GND
of the low-side circuit LS are connected to both power
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4

feeding terminals of the low-side programmable circuit 13
and both terminals of a capacitor C1L.

The power module 10 1s connected to signal lines through
which the low-side circuit LS of the HVIC 11 receives a
high-side control signal HIN and a low-side control signal
LIN from a control circuit 20. The power module 10 has a
write port for recerving data for a program control signal to
be written to the high-side programmable circuit 12 and
low-side programmable circuit 13, and the low-side circuit
LS and the control circuit 20 are connected via this write
port. The program control signal 1s a JTAG control signal,
for example, and the low-side circuit LS and the control

circuit 20 are connected with four signal lines for sending
and recerving signals TMS (Test Mode Select), TCK (Test

Clock), TDI (Test Data In), and TDO (Test Data Out). In
addition, terminals to which these four signal lines are
connected function as the write port for one system.

The high-side circuit HS and low-side circuit LS of the
HVIC 11 are connected with signal lines for transferring
signals SE'T and RESET, which correspond to the high-side
control signal HIN. The high-side circuit HS and low-side
circuit LS are connected with signal lines for transferring
signals HITMS, HTCK, HTDI, and HTDO, which corre-
spond to the signals TMS, TCK, TDI, and TDO, respec-
tively. The low-side circuit LS 1s provided with a level
shifter that raises the levels of the signals TMS, TCK, and
TDI to generate the signals HITMS, HTCK, and HTDI and
that drops the level of the signal HI'DO output from the
high-side circuit HS.

In this power module 10, the control circuit 20 writes and
rewrites data to the high-side programmable circuit 12 and
the low-side programmable circuit 13. More specifically, the
signals TMS and TCK imput from the control circuit 20 to
the power module 10 are supplied to the low-side program-
mable circuit 13 as they are, and the signals TMS and TCK
are level-shifted to the signals HIMS and HTCK, which are
then supplied to the high-side programmable circuit 12. The
signal TDI 1s supplied to the low-side programmable circuit
13 as 1t 1s, and the signal TDI 1s level-shifted to the signal
HTDI, which 1s then supplied to the high-side program-
mable circuit 12. The signal TDO 1s output from the low-
side programmable circuit 13 as it 1s, and the signal HTDO
1s output from the high-side programmable circuit 12.

A program control signal for the high-side programmable
circuit 12 and the low-side programmable circuit 13 1is
transierred 1n a daisy chain fashion. More specifically, the
signal TDI input from the control circuit 20 1s level-shifted
to the signal HTDI, which 1s then supplied to the high-side
programmable circuit 12. The signal HTDO output from the
high-side programmable circuit 12 1s level-shifted by the
level shifter and 1s then supplied to the low-side program-
mable circuit 13, and the low-side programmable circuit 13
outputs the signal TDO. Alternatively, the signal TDI 1mput
from the control circuit 20 1s supplied to the low-side
programmable circuit 13, and the signal TDO output from
the low-side programmable circuit 13 1s level-shifted to the
signal HTDI, which 1s then supplied to the high-side pro-
grammable circuit 12. The signal HTDO output from the
high-side programmable circuit 12 is level-shifted to the
signal TDO.

When the power module 10 receives the signal HIN from
the control circuit 20, it converts the signal HIN to a signal
SE'T, RESET, which 1s then supplied to the high-side circuit
HS. The high-side circuit HS generates a gate drive signal on
the basis of the signal SET, RESET. This gate drive signal
1s output from the output terminal HO, and 1s supplied to the
gate terminal of the switching element XMH to perform




US 10,644,582 B2

S

on-oil control of the switching element XMH. When the
power module 10 receives the signal LIN from the control
circuit 20, on the other hand, the signal LIN is input to the
low-side circuit LS. The low-side circuit LS generates a gate
drive signal on the basis of the signal LIN. This gate drive
signal 1s output from the output terminal LO and 1s supplied
to the gate termunal of the switching element XML to
perform on-ofl control of the switching element XML.

FIG. 2 1s a circuit diagram illustrating an example of a
configuration of a power module according to a first embodi-
ment. FIG. 3 illustrates a connection relationship between
signal lines to be used for a JTAG control signal. FIG. 4 1s
a wavelorm diagram 1llustrating a relationship in reference
potential between a high-side circuit and a low-side circuait.
In this connection, the same reference numerals as in FIG.
1 denote the same or equivalent structural elements in FIGS.
2 and 3, and the detailed description about these structural
clements will not be repeated.

In the power module 10 of the first embodiment, an HVIC
11 1ncludes a high-side circuit HS and a low-side circuit LS
as 1llustrated in FIG. 2. A level shifter 14 for connecting the
high-side signal system and the low-side signal system 1s
provided at a connecting point between the high-side circuit
HS and the low-side circuit LS.

The high-side circuit HS includes a 5V regulator 15 that
1s connected to a power supply terminal VB and generates
a 5V voltage from the voltage of a power supply VCCH, a
high-side drive circuit 16 that outputs a gate drive signal for
controlling a switching element XMH to an output terminal
HO, and inverters INV1 to INV4.

The high-side drive circuit 16 1s connected to a high-side
programmable circuit 12 with an input/output bus IOH. For
example, this high-side programmable circuit 12 1s made up
of an FPGA (Field Programmable Gate Array), which 1s able
to implement a desired logic function or parameter. The
high-side programmable circuit 12 has terminals tms, tck,
and tdi1 connected to the output terminals of the inverters
INV1, INV2, and INV3 of the high-side circuit HS, respec-
tively. The high-side programmable circuit 12 also has a
terminal tdo connected to the mnput terminal of the inverter
INV4 of the high-side circuit HS. The high-side program-
mable circuit 12 has a logic cell 12q that 1s connected to the
terminals tdi and tdo and that forms a desired logic function
or the like. For example, a detection threshold (parameter)
for a protection circuit built 1n the high-side drive circuit 16
1s written to this logic cell 12a by using data that 1s input via
the terminal tdi, and the written parameter 1s transferred to
the high-side drive circuit 16 through the mput/output bus
IOH at the normal operation. The high-side programmable
circuit 12 1s connected to a power supply feeding terminal
V5H and a high-side reference potential terminal VS and 1s
supplied with power from the 3V regulator 15.

The low-side circuit LS includes a 3V regulator 17 that 1s
connected to a power supply terminal VCC and generates a
SV voltage from the voltage of a power supply VCCL, a
low-si1de control circuit 18, and a differential pulse generator
19.

The low-side control circuit 18 1s connected to a low-side
programmable circuit 13 with an input/output bus IOL. This
low-side programmable circuit 13 1s made up of an FPGA,
for example. The low-side programmable circuit has termi-
nals tms, tck, tdi, and tdo connected to signal lines corre-
sponding to a write port that 1s provided for JTAG control
signals 1n the low-side circuit LS. The low-side program-
mable circuit 13 includes a logic cell 13a that 1s connected
to the terminals td1 and tdo and that forms a desired logic
function or the like. A detection threshold (parameter) for a
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protection circuit built i the low-side control circuit 18 1s
written to this logic cell 13a by using data that 1s input via
the terminal tdi, for example, and the written parameter 1s
transferred to the low-side control circuit 18 through the
input/output bus IOL at the normal operation. The low-side
programmable circuit 13 1s connected to a power supply
teeding terminal V5L and a ground terminal GND that has
a low-side reference potential, and i1s supplied with power
from the 3V regulator 17.

The low-side control circuit 18 recerves signals HIN and
LIN, outputs a gate drive signal for controlling a switching
clement XML to an output terminal LO on the basis of the
signal LIN, and outputs the signal HIN to the differential
pulse generator 19. The differential pulse generator 19
receives the signal HIN, outputs a signal SET at rising edge
timing of the signal HIN, and outputs a signal RESET at
falling edge timing of the signal HIN.

The level shifter 14 includes high breakdown-voltage
transistors MN1 to MNS5 and MP1, resistors R1 to R6, and
diodes D1 to D6. The gate terminals of the transistors MN1
and MN2 are connected to the output terminals of the
differential pulse generator 19, the drain terminals thereof
are connected to the high-side drive circuit 16, and the
source terminals thereof are connected to the ground termi-
nal GND. The drain terminal of the transistor MN1 1s also
connected to one end of the resistor R1 and the cathode
terminal of the diode D1. The other end of the resistor R1 1s
connected to the power supply of the high-side circuit HS,
and the anode terminal of the diode D1 1s connected to the
reference potential terminal VS of the high-side circuit HS.
The drain terminal of the transistor MN2 1s also connected
to one end of the resistor R2 and the cathode terminal of the
diode D2. The other end of the resistor R2 1s connected to
the power supply of the high-side circuit HS, and the anode
terminal of the diode D2 1s connected to the reference
potential terminal VS of the high-side circuit HS.

The gate terminal of the transistor MN3 1s connected to a
terminal of the low-side circuit LS that receives a signal
TMS, the drain terminal thereof 1s connected to the mput
terminal of the mverter INV1 of the high-side circuit HS,
and the source terminal thereof 1s connected to the ground
terminal GND. The drain terminal of the transistor MN3 1s
also connected to one end of the resistor R3 and the cathode
terminal of the diode D3. The other end of the resistor R3 1s
connected to the power supply of the high-side circuit HS,
and the anode terminal of the diode D3 1s connected to the
reference potential terminal VS of the high-side circuit HS.

The gate terminal of the transistor MN4 1s connected to a
terminal of the low-side circuit LS that receives a signal
TCK, the drain terminal thereof 1s connected to the mput
terminal of the inverter INV2 of the high-side circuit HS,
and the source terminal thereof 1s connected to the ground
terminal GND. The drain terminal of the transistor MIN4 1s
also connected to one end of the resistor R4 and the cathode
terminal of the diode D4. The other end of the resistor R4 1s
connected to the power supply of the high-side circuit HS,
and the anode terminal of the diode D4 1s connected to the
reference potential terminal VS of the high-side circuit HS.

The gate terminal of the transistor MNS 1s connected to a
terminal of the low-side circuit LS that receives a signal
TDI, the drain terminal thereof 1s connected to the mnput
terminal of the mnverter INV3 of the high-side circuit HS,
and the source terminal thereof 1s connected to the ground
terminal GND. The drain terminal of the transistor MNS 1s
also connected to one end of the resistor RS and the cathode
terminal of the diode D5. The other end of the resistor RS 1s
connected to the power supply of the high-side circuit HS,
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and the anode terminal of the diode D5 1s connected to the
reference potential terminal VS of the high-side circuit HS.

The gate terminal of the transistor MP1 1s connected to the
output terminal of the inverter INV4 of the high-side circuit
HS, the source terminal thereol 1s connected to the power
supply of the high-side circuit HS, and the drain terminal
thereol 1s connected to the terminal tdi of the low-side
Pro grammable circuit 13. The drain terminal of the transistor
MP1 1s also connected to one end of the resistor R6 and the
cathode terminal of the diode D6. The other end of the
resistor R6 and the anode terminal of the diode D6 are
connected to the ground terminal GND of the low-side
circuit LS.

A connection relationship of JTAG signal lines to the
high-side programmable circuit 12 and the low-side pro-
grammable circuit 13 will now be described. As illustrated
in FIG. 3, the signals TMS and TCK that are JTAG control
signals are transferred to the high-side programmable circuit
12 and the low-side programmable circuit 13 in parallel. In
this connection, the signals TMS and TCK are mput to the
high-side programmable circuit 12 via the level shifter 14.
The signal TDI 1s transferred, in series, to the high-side
programmable circuit 12 and the low-side programmable
circuit 13 that are connected via internal wiring 1n a daisy
chain configuration (at this time, basically, the logic cells
12a and 13a output received data as 1t 1s, at timing delayed
by clocks needed for operation), and the signal TDO 1s
output from the low-side programmable circuit 13. In this
case, signals are input to and output from the high-side
programmable circuit 12 via the level shifter 14.

In the power module 10 configured as above, when a
signal HIN 1s mput to the low-side control circuit 18, the
signal HIN 1s input to the diflerential pulse generator 19, and
differential pulses are output at the rising edge timing and
falling edge timing of the signal HIN. These differential
pulses are mput to the gate terminals of the transistors MN1
and MN2 and are output from the drain terminals thereof to
the high-side drive circuit 16 as signals SET and RESET,
respectively. The high-side drive circuit 16 restores a gate
drive signal for controlling the switching element XMH
from the signals SET and RESET, and outputs the gate drive
signal from the output terminal HO. In the case where a
signal LIN 1s mput to the low-side control circuit 18, on the
other hand, the signal LIN 1s output from the output terminal
LLO as a gate drive signal for controlling the switching
clement XML.

Changes 1n the potential of the reference potential termi-
nal VS when the switching elements XMH and XML
perform switching are illustrated in FIG. 4. More specifi-
cally, when the high-side switching element XMH 1s off and
the low-side switching element XML 1s on, the reference
potential terminal VS has a potential approximately equal to
the potential of the ground terminal GND. Therefore, the
power supply voltage for the high-side programmable circuit
12, that 1s, the voltage at the power supply feeding terminal
V3H 1s approximately equal to the voltage at the power
supply feeding terminal V5L of the low-side circuit LS that
1s referenced to ground.

When the high-side switching element XMH 1s on and the
low-side switching element XML 1s off, the voltage at the
reference potential terminal VS 1s approximately equal to
the voltage of the high voltage power supply HV. The
voltage of the high voltage power supply HV 1s lower than
1200 V 1n this embodiment, and for example, 1s assumed to
be as low as 400 V. Therelore, the power supply voltage for
the high-side programmable circuit 12, that 1s, the voltage at
the power supply feeding terminal VSH 1s higher by 5 V than
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the voltage at the reference potential terminal VS on the
ground basis. This 1s a reason why the level shifter 14 is
needed for mputs and outputs of JTAG control signals,
which are mput on the ground basis, to and from the
high-side programmable circuit 12.

FIG. 5 1s a circuit diagram 1illustrating an example of a
configuration of a power module according to a second
embodiment. The same reference numerals as 1 FIG. 2
denote the same or equivalent structural elements 1n FIG. 5,
and the detailed description about these structural elements
will not be repeated.

The power module 10 of the first embodiment 1s modified
sO as to 1mpose a restriction on timing for writing based on
a JTAG control signal, thereby forming a power module 10q
of the second embodiment. That 1s, the power module 10 of
the first embodiment 1s able to execute writing and rewriting
by using a JTAG control signal at any time. On the other
hand, the power module 10a of the second embodiment 1s
able to execute writing by using a JTAG control signal only
when a high-side reference potential terminal VS has a low
potential. Therefore, a low-side circuit LS of an HVIC 11
has a JTAG signal control circuit 21 as a transier timing
control circuit for controlling timing of transferring a JTAG
control signal.

The JTAG signal control circuit 21 includes AND circuits
ANDI1 to ANDS. The negative logic mput terminal of the
AND circuit AND1 1s configured to receive a signal HIN,
and the positive logic input terminal thereotf 1s configured to
receive a signal LIN. The output terminal of the AND circuit
ANDI1 1s connected to one iput terminal of each of the
AND circuits AND2 to ANDS. The other 111put terminal of
the AND circuit AND2 1s configured to receive a signal
TMS, and the output terminal thereof 1s connected to the
gate terminal of a transistor MN3. The other iput terminal
of the AND circuit ANDS 1s configured to receive a signal
TCK, and the output terminal thereof 1s connected to the
gate terminal of a transistor MN4. The other input terminal
of the AND circuit AND4 1s configured to receive a signal
TDI, and the output terminal thereof 1s connected to the gate
terminal of a transistor MINS. The other input terminal of the
AND circuit ANDS 1s configured to receive a signal HTDO,
and the output terminal thereof 1s connected to a terminal tdi
of a low-side programmable circuit 13.

In the JTAG signal control circuit 21, when the signal HIN
has a low (L) level and the signal LIN has a high (H) level,
the output terminal of the AND circuit AND1 becomes an H
level and an H level signal 1s input to the one mput terminal
of each of the AND circuits AND2 to ANDS. Thereby, the
AND circuits AND2 to AND4 permit transier of the signals
TMS, TCK, and TDI, and the AND circuit ANDS permits
transier of the signal HTDO. That 1s to say, the JTAG signal
control circuit 21 1s able to execute data writing to the
high-side programmable circuit 12 and low-side program-
mable circuit 13.

The output terminal of the AND circuit AND1 has an L
level under conditions other than those where the signal HIN
has an L level and the signal LIN has an H level, and
therefore the AND circuits AND2 to ANDS inhibit transier
of the signals. That 1s to say, the JTAG signal control circuit
21 inhibits data writing to the high-side programmable
circuit 12 and the low-side programmable circuit 13.

As described above, 1t 1s possible to execute data writing
by using a JTAG control signal only when the high-side
reference potential terminal VS has a low potential. The
writing to the high-side programmable circuit 12 and the
low-side programmable circuit 13 1s executed by using a
ground-referenced signal when their reference potentials are
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both equal to the potential of the ground, so that the writing
1s executed safely and without fail.

In this connection, 1n this case, the level shifter 14 1is
needed so as not to directly connect the low-side signal
system and the high-side signal system when the voltage at
the reference potential terminal VS becomes approximately
equal to the voltage of the high voltage power supply HV.

FIG. 6 1s a circuit diagram illustrating an example of a
configuration of a power module according to a third
embodiment. The same reference numerals as 1 FIG. 3
denote the same or equivalent structural elements 1n FIG. 6,
and the detailed description about these structural elements
will not be repeated.

The power module 106 of the third embodiment has
writing conditions that are opposite to those used in the

power module 10a of the second embodiment. Therefore, in
an HVIC 11 of the power module 105, an AND circuit

ANDI1 1n a JTAG signal control circuit 21 1s configured to
receive a signal HIN at 1ts positive logic input terminal and
a signal LIN at i1ts negative logic input terminal.

In this third embodiment, writing to a high-side program-
mable circuit 12 and a low-side programmable circuit 13 1s
executed only when the signal HIN has an H level. At this
time, a level shifter 14 ethiciently functions for mputs and
outputs of signals to and from the high-side programmable
circuit 12.

FIG. 7 1s a circuit diagram illustrating an example of a
configuration of a power module according to a fourth
embodiment. The same reference numerals as 1 FIG. 3
denote the same or equivalent structural elements 1n FI1G. 7,
and the detailed description about these structural elements
will not be repeated.

The power module 10c¢ of the fourth embodiment
executes writing to a high-side programmable circuit 12 and
a low-side programmable circuit 13 when signals HIN and
LIN have an L level. Therefore, 1n an HVIC 11 of the power
module 10¢, an AND circuit AND1 of a JTAG signal control
circuit 21 1s configured to receive the signals HIN and LIN
at 1ts two negative logic input terminals.

In this fourth embodiment, writing to the high-side pro-
grammable circuit 12 and the low-side programmable circuit
13 1s executed when both the signals HIN and LIN are input
at a low level and switching elements XMH and XML do not
perform switching operation. Since a JTAG control signal 1s
not transferred when the switching elements XMH and
XML pertform the switching operation, there 1s no influence
of switching noise, thus making 1t possible to execute
writing saiely.

FIG. 8 illustrates a modification example of the power
modules of the first to fourth embodiments. The same
reference numerals as 1n FIG. 3 denote the same or equiva-
lent structural elements 1n FIG. 8, and the detailed descrip-
tion about these structural elements will not be repeated.

In this modification example illustrated 1n FIG. 8, the
order of writes to a high-side programmable circuit 12 and
a low-side programmable circuit 13 1s opposite to the order
of writes used 1n the power modules 10, 10a, 105 and 10c
of the first to fourth embodiments. That 1s, a signal TDI 1s
first transferred to the low-side programmable circuit 13 and
1s then transierred to the high-side programmable circuit 12
via a level shifter 14.

In the case where a low-side circuit LS uses a JTAG si1gnal
control circuit 21 1n this example, the signal TDI at a write
port 1s input to a terminal td1 of the low-side programmable
circuit 13. In addition, a terminal tdo of the low-side
programmable circuit 13 1s connected to an input terminal of
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an AND circuit AND4, and a signal at the output terminal of
an AND circuit ANDS 1s a signal TDO {for the write port.

In the configuration of the modification example, the
order of writes to the high-side programmable circuit 12 and
the low-side programmable circuit 13 1s opposite to that
employed 1n the first to fourth embodiments, but the opera-
tion 1s the same as in the power modules 10, 10q, 105, and
10c¢ of the first to fourth embodiments.

In this connection, a JTAG control signal i1s used as a
program control signal in the embodiments. Alternatively, a
signal other than the JTAG control signal may be used as the
program control signal. In addition, four or more program
control signals, or four or less program control signals may
be used, 1n place of the JTAG control signal.

The power module configured as above 1s small in size
because 1t has one system for a signal to be input to
programmable circuits and uses a level shifter to form a
daisy chain.

All examples and conditional language provided herein
are intended for the pedagogical purposes of aiding the
reader 1n understanding the invention and the concepts
contributed by the mventor to further the art, and are not to
be construed as limitations to such specifically recited
examples and conditions, nor does the organization of such
examples 1n the specification relate to a showing of the
superiority and inferiority of the invention. Although one or
more embodiments of the present invention have been
described 1n detail, 1t should be understood that various
changes, substitutions, and alterations could be made hereto
without departing from the spirit and scope of the invention.

What 1s claimed 1s:

1. A power module comprising;

a {irst switching element and a second switching element
that are connected 1n a halt-bridge configuration;

a high-side circuit that drives the first switching element;

a low-side circuit that drives the second switching ele-
ment;

a high-side programmable circuit that 1s configured to
implement a first logic function or parameter to be used
by the high-side circuit;

a low-side programmable circuit that 1s configured to
implement a second logic function or parameter to be
used by the low-side circuit;

a write external port that inputs a control signal, wherein
the control signal includes a selection signal and write
data to be written to the high-side programmable circuit
and to the low-side programmable circuit;

internal wiring that connects the write external port, the
high-side programmable circuit, and the low-side pro-
grammable circuit; and

a level shifter that i1s provided in the internal wiring,
wherein:

when the control signal 1s input to the write external port
and the selection signal indicates a selected state, a
write operation 1s 1implemented,

when the control signal 1s input to the write external port
and the selection signal indicates an unselected state,
the write operation 1s not implemented,

the write operation includes transferring the write data
from the write external port to the high-side program-
mable circuit via the level shifter in the internal wiring,
and then transierring the write data from the high-side
programmable circuit to the low-side programmable
circuit via the level shifter in the internal wiring,

the write data written 1n the high-side programmable
circuit changes the first logic function or the parameter
to be used by the high-side circuit, and
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the write data written 1n the low-side programmable
circuit changes the second logic function or the param-
cter to be used by the low-side circuit.

2. The power module according to claim 1, wherein:

the high-side programmable circuit 1s connected to the
low-side programmable circuit via the level shifter in a
daisy chain configuration; and

the write data that 1s input to the write external port 1s
transierred to the high-side programmable circuit via
the level shifter and the wrte data transferred to the
high-side programmable circuit 1s also transierred to
the low-side programmable circuit via the level shifter.

3. The power module according to claim 1, turther com-
prising a transier timing control circuit configured to control
timing of transferring the write data, that 1s input to the write
external port, to the high-side programmable circuit and to
the low-side programmable circuit.

4. The power module according to claim 3, wherein the
transier timing control circuit permits the transierring of the
write data to the high-side programmable circuit and to the
low-side programmable circuit only when the low-side
circuit receives a signal indicating turning on the {first
switching element and turning off the second switching
clement.

5. The power module according to claim 3, wherein the
transfer timing control circuit permits the transferring of the
write data to the high-side programmable circuit and to the
low-side programmable circuit only when the low-side
circuit receives a signal indicating turning off the first
switching element and turning on the second switching
clement.

6. The power module according to claim 3, wherein the
transier timing control circuit permits the transierring of the
write data to the high-side programmable circuit and to the
low-side programmable circuit only when the low-side
circuit recerves a signal indicating turning off both the first
switching element and the second switching element.

7. A power module comprising:

a first switching element and a second switching element

that are connected 1n a halt-bridge configuration;

a high-side circuit that drives the first switching element;

a low-side circuit that drives the second switching ele-
ment,

a high-side programmable circuit that 1s configured to
implement a first logic function or parameter to be used
by the high-side circuat;

a low-side programmable circuit that i1s configured to
implement a second logic function or parameter to be
used by the low-side circuit;

a write external port that inputs a control signal, wherein
the control signal includes a selection signal and write
data to be written to the high-side programmable circuit
and to the low-side programmable circuit;

internal wiring that connects the write external port, the
high-side programmable circuit, and the low-side pro-
grammable circuit, and

a level shifter 1s provided 1n the internal wiring, wherein:
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when the control signal 1s input to the write external port
and the selection signal indicates a selected state, a
write operation 1s 1implemented,

when the control signal 1s input to the write external port
and the selection signal indicates an unselected state,
the write operation 1s not implemented,

the write operation includes transierring the write data
from the write external port to the low-side program-
mable circuit 1n the internal wiring, and then transier-
ring the write data from the low-side programmable
circuit to the high-side programmable circuit via the
level shifter in the internal wiring,

the write data written 1n the high-side programmable
circuit changes the first logic function or the parameter
to be used by the high-side circuit, and

the write data written 1n the low-side programmable
circuit changes the second logic function or the param-
cter to be used by the low-side circuit.

8. The power module according to claim 7, wherein:

the low-side programmable circuit 1s connected to the
high-side programmable circuit via the level shifter 1n
a daisy chain configuration; and

the write data that 1s input to the write external port 1s
transierred to the low-side programmable circuit and
the write data transierred to the low-side programmable
circuit 1s also transferred to the high-side program-
mable circuit via the level shifter.

9. The power module according to claim 7, further com-
prising a transfer timing control circuit configured to control
timing of transierring the write data, that 1s input to the write
external port, to the high-side programmable circuit and to
the low-side programmable circuit.

10. The power module according to claim 9, wherein the
transier timing control circuit permits the transierring of the
write data to the high-side programmable circuit and to the
low-side programmable circuit only when the low-side
circuit receirves a signal indicating turming on the first
switching element and turning off the second switching
clement.

11. The power module according to claim 9, wherein the
transfer timing control circuit permits the transferring of the
write data to the high-side programmable circuit and to the
low-side programmable circuit only when the low-side
circuit receives a signal indicating turning off the {first
switching element and turning on the second switching
clement.

12. The power module according to claim 9, wherein the
transier timing control circuit permits the transierring of the
write data to the high-side programmable circuit and to the
low-side programmable circuit only when the low-side
circuit recerves a signal indicating turning off both the first
switching element and the second switching element.
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